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ABSTRACT 
·T&~ s. ._inves:tt_ga:t ion c_on:s "i.:sted of ana:lyt:-i-ccil: and, expe·rime.n-ta.1 
t,ions. C·omparison of the behay{q:~, elf t:h:e_ bo,1:s_-te·r ti'nde·~ ;c:tppl-~.ed load 
w·i:th :t.he results of a finite el:ernei1,t ana .. lys·i:s :we:r·e ·m~d-~.. Test re-
s·ults- w.e.re ·als_o :Cbmp-c1:r-.~d ·1:0, t:e._s-t r.tes.ults: £-or a c·omparaJ:,le cast steel 
·:· .. 
!t . . -
·An. a·.nc{l)r.si:s_ c1f' -ile.-fJectJ._:c,11 data revea1-ed ·tha·t tb.·:_e .c.~·st .bo_l.st_e:r 
. ' .-.~ 
... 
' \ 
v¢rtic~-l iqadin&~ ·The :cast bolstert'also ·exhi'b:ited :bet:t.e::r· .residua·! ·1 I 
- - - - - - - - -- --
-.. · · -, · .. · . - · .. · -
-~ •. I 
de:fle·c,t i.o.rt, chata.cter'is-t.i.c·s- ,than the' ·welded bo·ls.tet·. . . . .... ·. . . .. . . ~ --· .. ·- ... 
~-
. . 
:.P' 
:··. ·. •· : . - .. '' •. Fc1 't-:L$Ue ·tEtS t.1.;.ng 
p:f :both bo·lsters sho.wed :t·ha_t they wer~. bo·th: able to ~f-~h-s.t.~n.d: an 
ad~gtt~t-e. lJ.J.un:bet·- ,of cy:c·lt~s of th.~ ·10.ad: <r~rrg_es requ·ir-e,d. F.-ina·l.l:y· :t_i1e 
_f;l.ec!.ti.o.h :chara~t:~:ris·:t:._ics than the· -cas:t s .. tee,i. "1:~o:1.-s-t:etr for lo:adi-11.g in 
. 
bot:h: hori·z9.nt·c1·1 .an~ ·ve_rtic:a·1 plane:s •: 
It· was c:on·c.}lucle·d that ·chan.ge.s· i;rt ,th·e fa:b~icc1_:tiqn:- pt:ocedt1r.e and· 
certain de·s·igr-i change:s wou_ld_ imp.r.ov.e .:t-h·¢.······bebav.ior .o-f the weld·ed·:-. 
' . 
.. bolster. It was als.o: :ae··t·errtlfrtect -t'h·at a ·str.~.ss ·re:l.i.e.v-ing procedure 
~' 
test criteria devel-oped thro.ugh ~m,-e:rten.._ce with cast steel bolsters. 
A ioctd cycling procedure ·to be included in the fabrication process 
:Wa._s ·reconnnended to accompiish this. 
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l ...•.. . ·INTRODUCTION, 
. .. 
Thi~ ihv-e:s:t:iga.t::f._on_ .o·f· :the '<?i\tet:.a11 .b·eha,tiot' o~: B:. w.'¢J.d¢d: P.Q~ca.r: 
. ' . . 
lJ ~- :s::. S~teel -.weld:ed· b·o ls te.t .d:e.~·.igJ1 .;o.r u:$oE~: ,a-s .a :p·t.odttc:t io:n .. me.nib.e:r· •. 
I 
Ar1 ef .. f·ect{ve- s:t::±f·f·ne:s_,s ;. ca:·l:cula,ted ·f~t:c,·m: d,ef:.lee:t:,io.n da·ta, ,was .. 
. . . 
procedure,. -f.i.n..a.lJy_, two. methods> o:f $·t-r~:ss .rel.if=v.ing are propo,se-d 
•.. 
--
-2-
' 
, .. .....____,. :, 
. ,.._) 
' 
·I 
.. 
·2.1 __ .... l'est Specimen and Specimen Preparation 0 ' ' • • ~ • :. ; I 
.•.. ·; ~ .. 
A weld·ed freight car body bols.ter ·wa·s· supp.l.t.~·d t.o f·r·itz· 
.:Englne.et·ing. Labor·a tor ..Y :f.o.r f:'.e.st in:g: by th·e tJn:i t::~d. ·sta te·s :st:eel ~ 
. . , . 
• 
I. 
:.8c'.tge's were: the-n :appl.fed to: :t:he c;lec:1n, ·h.a.lf a.t 'selected, loca:ti:oos· :a·nd~ 
.. 
·th.e b:crl$t:~r wa$ t.he.n.. wh it·ewa:~ihed.~ 
·-
to the same se-rie:·s 'b:f t:es·ts· as t:he· ·weld'e·d '.bo.ls·te·r .a:nd: s·erve· as· :a basis . ,• - . . . '. .. . ' ' . -. .. ' . ' . : ·- . . ' . . . . . . ' .- . . . ' . -· . . . . ' . . . . . . ·. 
. . . . . . ~ . . ' . 
. , _., . 
• 
bolste'l:. To a-c·co.uti.t f.c;>r t4:Js. th:e loads on the cast bolster wer.e· 
tttul'ttp··I·i~:d :·by a.ti ,app.ropria te fa.ct.or so that th(= resulting benc{rng 
'· 
"· • 
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,4, 
' 
/ 
\ 
:po.t11ponents is .glv.en. :tn F:i:g •. l .. Two ,t:yp~·s., o.f: :weld~. ·were used i:n t:he 
.faJ>-rit~·c{tion of the welcled· bo·Js/ter .... :Ettch· .we let :was u:s·ed: ·o.rt t>rfe: 'ha:l £ c,f: ~ ., .. ~ . . . ···- . . . . .. 
. . 
'tlTe b·ol·ster for fabric~t'.ipn~. On: o.n:.e-b.a·1£ a si·n.,gl~.-·b·ev·e.1 .8tdo\,e weld . 
.. 
. 
.. 
was. lls:ed and on t.h,:e ·o.tlter :,half .art Qr.di.nar.y T·e.e Joint. ti, .. 1.Jet .weld. ··w.as· 
2 . 2- .Te:s.t ·Proced.ure. 
:11teJ1d:ea pr.o:cedur~s :for. the: .s·ta·t:'i:tr t.e~ting· q.:f· 100,-to·n bcix ·cat: :bo:dy 
-·· 
<i.owq. f·r:<>m i.ts tio=rma:1. "tn ,s-:e_rv.i·c:e'~ :co~nd:Lti.ot1, .. thu·s ttre :bot.t.om· pl.ate 
... 
·;·. 
brought out to relll.in;c;l ,one· ·that all future discussion ··w.ft'h .·r~s'p.·e-ct 
·'. 
to particular pla:te·s. will :r.~.fer to the "in service'' ·cond.t·t·toµ of the 
bolster. • 
-4-
..... 
' • ' ·-
1 
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Test 4 was a fatigue test c·arried out to evaluate the ov.e·ra··11 
• 
• • 
p.e:rformance of the welded bo.-l~·ter under repetitive loading.. Load 
; :1 
:r~n:ges .of .. 10. to :10.0 kip:~ ·~nQ 12 .to 13.8 ki·ps were·: used.. 'fhe manne.r 
.... 
of load·ing fo:r ;te~t- ·4.. ·~·s Jtlso· ·sh·own ·in :P,ig ... ·2 ,a:1ong, with. the load-ing. 
;.. ,. 
co.n·df t:ioil :f.o·:r Tes·,t. s:., ·wh i .. ch· was· :a c.omb:f,.P.~Q .. lo.ad·i.ng and ult·i}nate· tq~d. 
o.t .co,rnbined loadirt.g a st-rt1.~t1J.-r:e. o.f. thi.s t·yp:e. migh.t be. s1.1bje-c:ted: 
h.olst.~-rs: c.~:p ·be' f'ound in Fig. 3. In· Te~rt. 4 d~La.l .gage.s were m(Jun:·t;e3··d 
-
.r:i 
In '!'~St .5 .a s.in$1e d,.iaf wa~ To~a:(!2{1'-!t. m:tclspan it\ both l:loriz0nta1 
ve:r_ticaI :Pl4.n.~:s t.'Q' ·17e·c.ord. ·defl.e:cti.ons. in ¢:q;.:ch.. :J>lane. 
a:ttd 
X 
,1·· 
_,.,,.;··.---, 
.. 
·.:: 
·""· 
( 
.. 5 .. 
' , 
~!- .... 
' 
/" /··. 
- ' 
.. __/. 
~·-
. ., 
, ' 
, .. 
. . 
... 
:3·~ . TFJStr. R.ES .. ULT··S .·AND: ANALYSIS 
. --
. . - . 
. 3 "',1. Materi~=tl. ·Propertie.s .. 
;,..; .. ; 
·.• 
•. 
·'&. 
·a:t;e :given. iil .Table 1:. 
ste.el.~ 
forming t-o. A •. :.A: .. R. procedures. for: ·the. tes.··tlng -o·f' ·b·ox car bo.dy :bolsters. 
In Tests I and 2, the cas·t .:1?..o.l.s.ter. exhibited bette·r d·e£1·ec.t·1on and' 
.. 
residual. deflectio.n ch~r.g:c.teristics. Figures 4 and: ·5. ~how· .the load-
. .. ~ 
-6-
,•· 
>-··-
• 
.. 
.,. 
. ,: 
' 
deflect'fo:n relationshi:i:rs :for :b·p.t.h. we·J.·g_:~?l and cast··bolsters under two 
cycles cl{ loading. :f.n te·s:.t:s l. ·and ·.2· re.~.P~Ctively. Upo:n ·inspection or 
the.s e. :f igur.es :one· wi 11 np te: tha_t 1 :f:cfr e.qua 1. loa·d ihc:r·emen ts the c-a-s:t 
<Jf lo·ad bot.h. :po l.:s.te-ts· ,f:o:l l-tiw.ed: the uri:lqa£ting curve of· .. t·h.e rit.s t eye l:e: 
... 
ef.fecti-v·e .'stiffness value·s v?e:r,e· :computed fo·r bo·th.- weid.:ed' .and: -cas/t. 
bolst-er·s·.. ·Th.e ·r_e,su1ts o·f·· the,s~: computations 
be J.5 times .stiffer than the w4ded bolster f'o .... t vett·.i.c·a.,l l a· 
_;()ij . -~· 
v.~_~s:t1s-: ·the a·i.stanc.e a.lo1ig t·he, $p~n. ,.of th~ welde.d- btllster~ Th:~ bro~en 
.· 
·f 
.a·ssumptiott wa~ ma·de :t·bc:1t tJ1e cent1~·r- s:±:11 and l.oatLi1Jg. howl do not 
:~ •, 
'Cb .. rt·tr1::bu:te ·to tqe l:>.~nd.:i:n.g_ s··trertg:tl1 :of: th.~- .. b_o. fs:te:r. A'l-s.o shown in 
-~ 
the .. ·£·i:gu.r·e :cir-·~; tlre co111pu'ted· ·effect'i've,' :mQ:111en-:t ,c;f :it1e:rt·1ia values for· 
both ~~olsters using the t.hi'r.dl cyGle l-oaa-··a·:eflect:j.on relationships· 
of Test 1. It is like.ly that :t:he tow 111on1e-nt: of ;iJ1ert:-:ia :fo.t· the 
.... 
. ..\~' . ' 
. 
.. 
sect.ion from 34 t.o. 4-7 'in·c·hc:~s: ·al.011:g. the: span. i:s caus•in·g the effective 
.. 
-7-
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I .. , 
, . 
.... : ' 
.·.-·. 
. ·. 
.. ~ ........ ':·. 
. ... 
I . 
.. fi. .. 
·~ 
·• 
,; . ... . ~' . . 
moment ·of. f.n;.ert;i.a v:a·lue to he r-e.du.c·ed.. ·1.f a.: ::st:.:i:.f\f:er :m:erol;>:et· i:.s desifJt..ed' 
,1 • 
• 
s.·rea.. 
u- shaped sid:e ·be_.ifr·in.:g memb.e:r. 
k:~p:s spec.i.fied by ·th·e A-•':A, . .'J{. r:e,oormnend:ed: Jlro·cecilu·res.. 'fhe f.ai_lti:r:e ·t.:o 
. t 
. . . 
a·ttain maximum· ·loa~ oc.cl;li;~e.d c·o11currerttly with loc-a.l.tz:.e,q ·p.l;i:te b.ti'ck·l ing· 
. bearing p·.1:ate a·ncl ·t.he .u-·.g:ha.p~¢l. :s.tde. "beati1tg menfb,e.r· ·u.:s·ed: t.o· tr'.ansmi t 
the side ·b·earing lo~d. to· th·e:· .sid:e ·plates.. Al·s.o observed was a~,. 
buckling of the side b.earin{~' .. Pl.a·t.e:~ 'whe:t:'e t:he U-shaped side bearing 
member was welded .tp. ·t·he· .s.·i.d:e.; p·l·ate$·~ 
Several factors: can .. ·be pointed: :to _a'.s .cont~~but·ing to the side 
bearing failure;- F:ir:~t, the previously· men.t:t·o.ned cambering of the 
-8-
i 
I . '., 
,. 
• 
•· 
,.. 
.. 
.. 
'-:· 
/ 
.. 
.,. 
'· 
the U-shaped $lde · bea:ri-r.(g metriber c.·a.:usf11g a- l·acl( b·r ·bearing between the· 
two which is. ·c-.rt-tJ.c.al in th:is tes·t. Al-so .the overall camber of .the: . ·. . . ·- . . .. 
bot tom p la/t:.e:)· esp.e.cia.ll_y ·over the cente,r .s~flt ~- p,re.vented the bo:t:to-rJt 
-.-·· -~· 
~.late .from :pe_tter' dis.t;tbuting the s i.d:e ':b.ea·~.ipg: load -thr(Ju·gh~J.ut th·e· 
'.b_o·ls:t_e.r •. ·S.t?c·o.ndly-, t~e ma·te:r:ial iit ·th·e bo.ttom p.la.t-e ·wa."s ;a 36,"0QO: .psi 
J:t"'.ina.11.y; and most critically, it is ·evident· that ithe ,: 
. 
sha;p·e·: could ·have b.'een ·Us·ed tf: tbi~ .o_pert 'e·n·d were we:l.:c.ted: ·.to the .bo·t-t9t1t 
:bo:t·t:o-m, _p.late, last ... 
o·f 10 to 100 k.ips cl:ppli·ed· to the, cent~r, .b·owl resulted in: a crack 
area bene-atl1 t:h-e: sid,e b.ea.~i:-n~· ·p·1.a··t:<~-. It is felt th·a...t:· ·fhe: growth o_.j;· 
this cra.G.~·was due in la-.~ge :pa'rt to :the l:oad·t11:gs of Test ,3 s.~rJce th:e 
.. 
crack growth. oc.-cu:r:r:e·d ·o,n- th:e s·id·e of the· hols·t·er whic·h w::r:~ ·:1oao·ed '·in 
Test 3. Tltis -is·· ;riot unl i~ely since the:;r;e ·was much pe:trnan,ell_t. local. 
deformation. in this area and a s·mal.l :c:t'.ctc'k on the inne~o.st, =p·or·t.-io.n,. 
of the weld., ·wh.~re the stress conG~n:trc:3.:t.ion factor i.s·: ,g-r:e?a-tes:t, could 
easily- hav~ b:~en -in.itiated _a_nd ~scape·d .d:etection: du·.e to :its locatipn. 
-9-
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• 
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,, 
•. 
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_, 
,......~ ... 
:;-_ 
At this s:ta;ge o·_f: :te:~~:i.ng :1:b .. e -w.~l~~-cl ·i,:o:t.s,tei;·· wa$ sent: to the 
, Bethlehem Co.r.pora t.ic>n ·for r·e,pa:i'.rs. .Th.e't¢·p~_t.ri~ coilS is t ed not. only· 
--~ 
fJ·t ail fi_ll.e_t: we·ids on. one half .o.f the bolster- :an·d :reweldi11g. A 
o.:, 
Sub.sequen.t fa_tj~_gµe:. te·st.i.ng of b_pth- w_elded. ~Jld· ·cast bol:st·e.rs 
•• 
• 
in·sp·e.c'tiott or·· def:le:c.t.iori' b:ehav:.f or. A·s wcJul·d: ;b.e expect.eel ·£:r.oni. _pr-eviou:s 
.. 
:stat:ic testi-ng, th.e :ca:st :bolste.r exhibited ·bette.r: deflect-ion. char-· 
-a·cterfstics under c,y·cl.ic loadin~. Observable in ·t·he.:se t~:at$. vlcls., the 
:char.actet-.ist.tcs tinder cyc':lic load±n-g. db.se:rv·a.b:1-e in the·~~ test:s: 
st,atic :te·s:t_s • Th is cha·racter.is t·ic is· depicted: in :P:tg.. 8 wh.f ch com-
p.ares the load-deflection re'lationsh·:tp fo.:r the. we:ld:ecl bo.lster in 
run • 
Although the' w~lci:ed- ·bol·st:er exhib .. tt:e_<;i. l·a __ rg~:r··_."<Jeflections fo:r :the 
single ;~n~ loading condi.tfons of the first three static test's~ i't 
when subjec-t~d 'to bo·th hori'zotttal a:nd ·v·et~t,ic.al loads s,imultan~ous ly. 
Before disct1sising T.e·_st: :5 .·futthe:t it:·· :is wo·:rth rtclt'i'ng ·that in the 
combined· 1oad,irtg test we ,ar·e .g.et·ting a -vir.g.in- load-deflection curve· 
::for :the ho-rizontal plane -wh.il.e we have subJe·cted both bolsters to 
-· ' ... 
. .,10-
.. , .. ; 
r 
·-
... 
• 
•·.• 
,a 
~·-· 
--
• loading. Wit}). this consideration, we Gan .stt-1·1 see ·tha.t the w.a.ld·e~t" 
bo.:ls:ters urtder· combined loadi-rtg. f:qr!- ho.:r.i-z·on:tal and,_ v·ertical pla·ne:.s, 
·can •1>·.~ .f_o)ind ,in Figs. 9 and 10-. ··The:se. :curv·es w.e·te constructed using 
all sta:t:es of· combined loaq. c.,nl;y ,a.nd n.eg·l·ect:iilg tlle unloading: pa.r·t 
of ·the· ·qy:g;li:c :r.oad.ing p.rc1c.ess,~ Looki.rrg: a·t the-se :f\igure$ one ·will, ::note 
p11 :the- w.e.lded bolster and as it was: ment'ioned p,revtoµs'i.y.,. this. :was 
d·o.ne t.o :compensate :for the di:ff.erence: in s:pans. be.tween the two 
,: . 
=· bolsters. and: a,ssur~ that bo:th ,~(p~cimens woqld b_e: ·s-u:bjec·ted ·to . .th.¢ ·same 
these same charact-.eri.stics ·a.r-e- :be:tt.er f:or the: w.el.d·~d- bol:stet-. 
3-.. 3 Stress ·nis·t1tibu-"t;io.n 
Strain gag:e l9ca:ti:ons _f:o-r· Te.,st·s 1., .. 2 allcl. 3- we:re as shown in: 
Fig .. 10, with one rec·t·a;n:gu. l.a-r :ro':s·e-t.t·e .gage at each location shown~: 
The accumulated data was reduced ·by-.·computer using a program which: 
assumed. a linear stress-strain r·ela-t·ionship for the. materia·1 up to 
. 
. . 
and be:yond: _t::he a.c.·tua 1 yield -o::f:- tb._e m~teria I.... ·Thus·; o.ne should 
comp,ar-e the }naterial yi,eld. point with. the calculated stresses in 
a·ssessing ·the .-per·formance .of. the specimen under certain loading 
- - - --- ------- ------ -
. . 
-conditions • 
.. 
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( /· 
-mum princ.·i:pa/1 ·s=tte.sses: irt re·s:"t-s 1, -2. ~11nd" :3 te-~tpectively und.e-r the 
' 
maximum 103::d the :bo).s·ter wa.s s)i:b.jec:ted to i"n. thc1.t -test. -i\11 ,three·· 
,. 
-figures -~i·~ .. ~:tso fo.r· t:he., fi·tst .c)rcl.e .-of l_o~d ._ .. A. ~rew z··ero read-itrg 
. 
. 
... 
the effe._ct .c;,:.f c.hari_g.:ittg .t'.he load 'f:ro.m a um.iformly distt'.i"but·e~: ·bow:1 
.• · .. 
:t:o: 'the. ~fide :tr:c· thJ~ .ec:c·ei\t-r.t-.c.:it::y •. -Fi·gu.re.- 12 to· som~ e~_te.nt· sltows th:e 
-
On·e· ·wt:11 als·o.: ·no·te-. . . - . . . . - . ' . ·.. 
. - . 
·u_pon addition-al .cy.cle:s of l·oc3;d . i:11· t:t1e s:am:e :tes,t.: It i~ int.~re:s:t.I1tg 
_. • 
• 4 to note that a:l though the in;:i."ti.al higp ~tr·e:s.s_ :r.:-e~ciin'.g·s· i:n :this 
sectional .q:r.ea might be poin·t:e:d. to as. a ca;u;se fo.r·· the,: lat_g.e ·p·.erman~:n-1: 
•... 
cyclic loading :i11- :t.bes·e tests., 
Inspection of Fig. 14, whi.~h·: sh:.ows th:e tnaxfmuiti :prirtc::i'.~pal_ 
st1esses for the highest load attain,~=d in the S.:ide :Se.aring Test, 
. ., 
shows the-high d~gre:e of yield_.:L:ng ,evident on th~ ~bottom plate in 
-· 
~·· 
,.,·,\"-
\ 
-
.. 
., . 
... 
I 
. ,. 
·-
·,,":~~ 
.. 
'·'' 
: . 
the area cf£. the. s i_d.e pea·rin.g pla.te. and a.·1 s:o· .on the ·f:f:O.f:l-1:: :·a:tld'. -;ear 
-
. ~· 
side plat·es. wher.e· the U-shaped channel was· WE(ld.ed to :th:e.s.e -~_es • 
. , 
··this: ltiad-.ing: -con·d·ition ·'?J; .. :was_ d..:L_s.cu-s s.ed ea.r.·l:i.er. 
· · Fig. 15:. 
-. : 
of ·h·o.r·iz·onl:a.i :10:p.d. F-igure 17 :repr.~·~en·.t$ .. ·27_5 :lc.J~ps of ·vert,ical Lo:ad· 
I'-
,. -at:ici .4·5.5 k:::L-p·s of:: :hori--z·ontal load·-~- '+:he.: ··p·q·iJi.t to :be· o·bs.erve.d from 
.,..· 
large, mote -.sp·e..c.ific.a.lly as: ,the. hori·zon:tal load. be:~ornes_ ia1;g~r, the· 
top plate car.:ries mQ$.t cff 'this loa:d.. Tlt±s is p.:1rt·icµl~r.:ly evide.nt 
top and bottom pl:ates .tn .t-h,_e:: a.·teai .cff ·th:e cente·:r :s.ili. Tb..i·.s s_ai.ne: 
·stress p~t:t.er.·;n: ·ca:n :be· no_ti.ced in· Fig_. 1.8:, which i.s· fo,r a 5' k'ip· 
vert·i .. ca!. l.o_ad and: 455 kip· ·uotizont~l 109:cf. ·one will a:lso· :note tha·t 
If 
• 
., 
tudes of. th:e: princ·ipal :st:r-e.s·ses. 'On tot>' -a .. nd bot tom p lat-~_s· :c3:_.Je A.iose··r,. 
This is a .te-su:lt o·_f: :the horizontal .s·.tr.ess·1es redistribu·t:.:_t.11g t:h·ems:el,iEfs· 
from the top pla,~t-,e to the other membe:t·s.. ·This stress inbalance 
occurred becaus·.e of an inadequate amouttt: of weld 'between the bottom 
-13-
•· 
·, . 
._ 
:_; 
'. 
• 
.. 
plate and c.enter' sill. ln £act,. .th:e·. ;weld be·twe.:en 'the, :.bottom p 1lat_e · 
.. 
the fact :that th.:e b:<1ttptrr :pla:t·tr was: J?~rmap_en:'t·ly ·d':,isplac.ed a;1fproxi-
.. 
mately 1 inch wi·th ·t.es_pe.c.t- tq th.~· c~n.te·r s:i:11, mo-:s·t l·-ike.ly from 
the ultimate load. t.es:t.: 
by· S:t·ru_.c:tural Dynamics: Resea·rc:h C.orp.orati.o:n. F9.~, the}-r t,n_·ly loading . 
• 
. .. 
for this lo·gq.Jng c:1r¢ .shown in· F·ig:. 18. 
, 
figur_e th:e. l>t>ls:t·er has alread.y· begun ·.to. :hay·e. fo_c·ai .. las-ti.c _y.'ieldi.ng· .• 
. , 
th-_i$ t:n· its.elf d:oe:s .. no·t· .P.t:.es,ent. a prQ:bt_~:n1 t:n .co.mp·arlng .. aet.ua.l 
well as the metho·d .o:f· red·uc:ing $-t'~a.:Ln r·ead.i:n.gs to: _prin-cfpal ~rtr~·:s_·s~:$ 
. 
. . . 
assum\d that the mq;tertc1i was perfectly elastic, Figure$ i9 ,g:n(i. 
computer· ·:p .. redic:.ted :s·itua_tfon~ f:o:t:· t:op· .and bottom p_·la-t.es res.pect.i.ve·l.y. 
The predi_c.:te:d str:e:ss ·c-u-:rv~, was co-1.1sfruc:ted· J:>.y lo.cat.in_g ·st:rairi- ga-ge ·: 
line were ·then ·.usi~d ·eo.- -~o.ns.t:r-µ·_o.·t ·th·e·: predicted stres·.s,: -cutv¢$·.: 'The 
.;; ·f: 
, ..... J .· 
-
-14- ... ,Q,_ 
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,, 
·• 
'· 
·,· 
. ~-. .. ... -- ... -- ~-·-· ... 
•• ·--·· n 
:· 
.l 
" 
'-·, 
.. 
\ 
.. 
,· 
'· 
:a:t :tb.e .p.o.i.nts· i_ndica.t:ed. 'l'h·e.- lat·-ge discr-epancy b.etween the two., 
.results, at ab_out. 3·4_ i.n:c.he-~ f'rom ~ent~r on the bottorn p].;a_t_e, mlgh_t 
•.. 
. . 
. . 
.. ' 
the weld::t~d sl:>ecime·n and: furt.h.er. .comb·i-ned. l_qadJ._n:g wa_s. not at.tempted,. 
After th·is. -:a $ing.l.e, ho,:ri:·?:o:rJt.~l _l.o·ad.. was app_.li.e.d :to. d-.ettr:tmine th.e: 
,• . 
.. -1.s·-
-. 
Th·e u:l.t:ima:t·e lo·a·d 
. . . . -- . -- . . 
'. 
;,; II 
-
,. 
', 
. -· ·- . . . -. -
• 
.• 
··.1: 
, .. 
., 
,, 
•.. , ., II' ...... - ....... 
• 
····= 
q 
• 
··, '· 
tests co.ndi.icte.d: were ,mafJ1..l:_Y .Pf t:w_o: types·. Tb.e firs.t :p.t:6·blem b·~ing 
the exc-e·ssive de·fl.ecti.ons ·.r·ecorded in the.s.e- t.ests, and :tbe·, s·e.cond:: • • • • • ' •,,,., ,· ,;• • "• • • •• •• ' • • ' • ,·, ·, 
0 .- • 
-- • - • ' • • '• ,• • ' N 
~q·aq._Li,1;g_'.·· Ftom an ins::pe:c:t ion b fi t:1:i.e_: ,weld£ n.g. o:n: ·th~ tns ../L·dJ~- o:f. :the, 
1'0I.st::e .. r -i·t was· =o:bvious ·tha.t the bot.:t'om·· .. P·~ta.te wa~s w::elded .-las:t. th.i.·s 
:seq.ue.nce ·of fa bricat iort wa .. s _p·.QcJ:r :because t:be: :oo.tto.tn plcLte· 'w.i>t'h it:s.: 
~ 
A:lso co.ntribut ing to the fi·t:: tfp: p:t'ob.·Iems:: -is· tl:te fac·t· .. t-ha.t the., bo.t.:t,:,-~1 
plate can. ·rto·~ ·be shaped by oen:d·ing ·to :exac.tly .fit the :iteom~:~::ry o:{ 
. 
inside revealed that .g~P..S· .exi$ted be.:·.~e:ei;1 tlle= ·sid,e and ~ottom plat:e.s 
due to the fit up ,pt'C>'blem-q,_ .• _ 
-16-
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. 
. . The fit tip. ·probletil c-ou:td. be i1np:1;:ov·ed i·f the: b·o:t-to_m: :plate. were: .. 
·~ 
:, 
on Jtortions of the circum~·e,re;nc;e .o.:f the U. The £1fn'c-ti,o.n -o·f t-hfs 
tnemb~r could .. be better ser_ved :b·y replacing it ·with' two pla::t.es 
(.w.it-h ~- larger thickness than the U-member) :fi_t.tirtg ·t-i_ght :a:gai-nst 
.· 
tlJ:e· b..ot .. tom _plate which. ·wou·lcl :be weldec1 rirst. to: -the side plat··es. A 
This. weld would be 
•. . .. :· . ' ....... -· . . . . 
super·io·r ·to tpe fillet weld: f_or strength a·nd f~tigu_e consi_d_.era.-tions-. 
By we.ld.ing the :bqtt_om plate fi.rst it wquld also be pos:stble .to weld 
tnember. •t·:0· the bott_orn p.-la·te •: :Rega.tdI.ess of the typ:e· of fric:(terittl t1sed 
· :side :bearing; -gr:oove -welds: sli.ol.t"ld: ·b:e used on ·this structure wher·ev~-~-
·.±·t· i~· p.ossib:le· tq t;-al<e .. c3.cl_va::n.t::a,.g·e' of ·the .. s.uperio:rity·~ of th.is w.~ld 
.. , .; .... 
.·,· ·-
.. ·; . . _ ··. .· . . . . ·, . . (1.; 2) 
-typ·e over fi'llet: 'w~·l._d·s _i_n b·.oth ,st·ren--gth'·and fati:gtle.. · · 
The second ·p:t·ob·~em :en:co:un·te·red in the A.A. R. static testing 
proced-ure was the 1!9--r&~t ini-t_ia~LdeJ:lecti0-ns---fr-0m -the first cycle 
of load, after which fb:e we.lded bolster rea.ched a stable condition 
-17-
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-~. 
amoun:t of re:~:i_dual stress· '.iti the, -welded bo·lst.·er~ f-rom t·h:e fabrication, .- . .. ---·-~-·-.. . . . . ,. . . . -.. . 
structure is to meet a r'esidual de-.fil·ec.tJ~o:h :crite:rlo.n d,er-ive·d: -from . •. .. . . '' · .. ' -. . .- -· . ,-- -- - . . ... -. . . . . •·. . .... . . .. .. 
experience with cast;t,ng:s·,: sotn:e type of· ·st::re .. s'S relt.ev-i_:ng· pro:c .. ~ss .... 
difficu-lt: to·· :ach,ieve due ,to· th,e slze· o.f: bolster a-nd. t:·h'e- f:ac,t t:hat . ,. -.. ,' ,. '• . . .. . . . . ·.. ,' . . . . . . . . . ' . . 
·. . - . . " 
.. 
two bolste.r-·s. wo-ulcl ·be :-c:;onnec-tea by a lon:g. c:ent.e:r- :Sill. :af:t.er the 
-The first p:rq:cedt:t:J:~ w_ou::ld ·.invol·ve ::cam·b~r:;t1::i:g: )::h_e l:>o.·l.s:ter in the 
.. 
. d.e·sign stage to- :ac·cou.Jtt :fo:r tfre ex.pe~·ted irrit:fal ·.residua.I. ·d~.fl.ection. 
,· 
.TlT~:n following :fabri.ca:tion ,a lo~.d ,would J>¢ a.ppl'i..e·d. :to, the ·b:ois·ter 
s imil-a·r t9_ :the, Ioad ._appl·i.ed ·in: tres:t_ 1.: :Tl1e.· ,effect o·f' this ·10.~d 
·w.o.uld J)·e to- e.ltm·i'nate· .rnuc·h o-f' th,e '·res,idual stte~'s_, .pres-enit a.pd. t:emove 
th·e b_:uilt~-i11 canibe:r •. Th.e, ·Ic>aqi11g woti:1:d b-e p_art1 .o.:f' th~ f~br:fc_a:t:i_o_n 
:proce:s.s artd wo:uld 'be :an easy ste:p to, ac·c6.mp1i$'h.. nr~, dif-fi.cul-ty 
w:i th this ·p:t.o·c~dQ,;e is that of providin$· c~·m9:.e.r in a fftt·uc._ture a.~ 
complex .9.s· ·t4~ -we.1-.d.,ed holster-. It is fo:r: this r:e:ason t·ha·t .a, second: 
... : 
. . 
. ~ 
. 
.. loops for :rev:et·se.d' loadi,.11gs: .s·tabilize afte.r tw.o: ;rev~r._s.~4. ,·c.ycle's: ·of 
·,. 
-,~: ' 
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load. His investigations were· o.:f -s·ingl·-e: ba_y fra·mes wi:th r~gid joints 
and pinned supports subjec.t.ed. to re·v,er:sed .1-ateral loads for elastic-
plastic hysteresis loop·s. :The·se f.r:ame.s ·a.te ~a.nalagous to the A.A. R. 
:p.·_·.· .• r--·o• .c· · ·e_·· d-:u-· ·-·r_ ·_ ..•. ·e· .·s· ( 4J reconnnend;ed d-esi_gn . £or =b·oq-y· b.c;,lster_s in that they 
reconnnend that i-n -arta.1y"$i$ work for. the· :4e:s:ig_n ·o·r body bolsters one 
should treat the bolster ·~$ .a .caQ..ti.:iev:.er f:i.xed at: the cerite·r· sill 
and loaded along the sp~n o~f: the bo1.s·t-.e:r, which= ·f~ s·im·-il~r t .. P a.;p_p.ly.lng 
horizonta:l load to a f:rame· a_s :i;n Carp·en-ter-' s tes.t·s •. 
From this·,: and ~nowin_g tlJat ·th:"e l·oa._d .. def.lectfo·n. relations~ip 
stabilize .. s a:fter th-.e .fir~.t- ·cic:Ie .q·f _1qaa:,. ot1e need only subject the 
6J1e app·lfed to the t·op plclte,· -t.o elitninat::.e. much ·of -t:he e_x:cess 
.rJ!sidua·1 deflect·i.on ptesen·t. in. t:he fn:i·t1a:l- ~.e.st:in:g_~ F::i:gure· :21 s:h.ows 
; 
what is _belie\r·.ed wciuld be: t:he· result of such ·a rever:s··ed 1oad:_ing. 
The first .c.ycle i$ the a<;tµ_a_l load-deflect::L:on :·re·latib:n~hip from·. 
the first ·c:yqle of Te:st. :1:. Two cycles -are _sh·9wn_ for the second 
behavior ·1.-n Carpenter's tes·.ts. :a:nd. ·th:e· ·se·cond was obtained by ~v~r-
, 
. 
I 
. aging the l:oad-deflection .·r:ela-tiortsbips for the first cycle ·<;>f 
. 
Tests 1 and .. 2. It is b-e_l·ieved that the actual result will fall 
'(· 
somewh·ere: b.e.twe:en ,the:se. two: .se·corid :ha·,lf cy-c:l.e·s,. s:ince some o·f ·the-
residual stresses: will. :be: rel-teved_ in t_h·e .fi_:r-st ha.1"£ cy-cl.e. :ttowev~_~, 
one will note tha:t whicJ1eve,r -curv.e: :the :ac-t,uctl behavior t-~nq.s to 
-follow the total ·e·f·fect will be t·o :greatly impro·ve the r·e-sid.u~l-
deflection char~c.teristics of the bolster. Subsequent cycle.s of 
~19-· 
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loading· wl 11 :itesul·t in. v.e·ty· .·small residual =deflec-tions ·of. :the· ·.s.~me 
• .. 
order of magnltud-~ as ·thos:e conunonly absented-. ·wtth: cast bo.ls-t'er•s .. 
This method o-f relief does no-t pre,gerit a-ny in·s.u.I1I10.ur:i:t~bl.e:. 
'· . 
fabrication pro.b:lems · even. with two b:0·1~ters coct:in:ec-ted by a long cente-r 
sill. The ·re·quir:ements for tll:j,s· 'Setup would- b.e ·two hydraulic jacks: 
bo.lsters :ar.e conn·.~-~ted b·y .a· :long .c.en.tet .s·.11:1 ... 
· 4.2 Fatigu-e~, :Ultimate an.d. Co,1ri.bin·ed, Loading Tests 
' 
to the· ·overstt·ess·:Lng. of' t·he ~:illet· w~ld pe.tween the. bo.ttom and s.ide·. 
type weld. ·w.oµlcl b.e: b'.e:t:.ter :_fn th::fs s-it:ua-tioh· £-ctr· its, .d.is·ti,11.ct. 
advantage ip: '}?o.th .. :st.r~ngth and fatig.ue .. c.6nside:r:ations .• Cl:_,:l) The 
~e:si}.:lt:s <>.:f :!:est ·.4 c.learly ind·icat~ t:ha·t t:he w~-:1:de.d bolsite·.r is cap-
able o .. f. wlths.tandi-ng .many .~yq:.:t.J~s. o::f: l:o~d: a..s .a.ppli·ed __ 'i,n. Tes·t 4, 
' .altho)..1gh .:Lt s·hould. ;:be ·:r~'.q·o·gn:lzecl ·t:h:~Jt t:hi--s type cifi load:i.ng :is not 
type mig:h't pe ~u-oj_:ect:ed :to. 
under a state of. combi_n.ed lqa_d wer:e :evid:e.n·t :·f"J:,om ·tt.·s: s·uperior 
stiffness, defl'e.ct:ion. :@.d :residual deflection. cha-r.a·cteristics. It 
also i$ ·p.o.-s·sib:l~· tl)~t: ·toe:-·· ultimate strength . .-ancl, :st.i_f:fness of the 
,. 
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bo.lster could be improv.e·d:: w:f tli th'e µa·~- 9.£' ··~ · 50 ;OQO psi. ,Yi·eld s:tee::i 
in the bottom plate. But the: :need for a htgh·.er s·tren.g.t·h·steel i-s 
questionabl-e since .strain rea.d.fng:s. for all t:ests unde·r worki'ng load 
showed no sign of yielding 9-n,yWbe.re. o.n 'the. l>olster. Yie.lding was 
'. . . 
. i·trst recorded at. a. loa4 o.f· ·206 .l<;ips in Test 1,. which is ~pproxi-
ma tely ·three ti.me.s· tl1.e worl<.ing lo.ad range. Tl1:i.s: st .. r..a.ln b.ehavior 
shows the stabi,lit·Y of the current model fo.:r th·e: worl<ing load tan:g:e,. 
using A36 ste:el. for. the ·bottpm pl.~tt~·. Al:st>., a highe:r st.re.ngth s·teel 
would make the sevei:e b.e,.nds in the bcrt:tbm ·plat·e harde;r ~Q acJ1i·eve 
and thus make fit ·UP with the side· .plates. e.ve-n mor·~ .d·iffJ.cult· ·to· 
.. ' 
·' 
achieve. A·n int,ere$t1ng. ppi_n·t observed from the s,train .pata was that ,,· .·,· ... ·. ·, . . . 
.• 
the firs.t· yielding ln any t.est was ·i:n the bottom p".la:t:e in t'be ·are:a. 
of the large hole ot1 th:at p.la:t-e. The ·effect of: .the )101:e· i.s to 
incr·ease the stres_s :flow in this a.tea and thus cause: the eat·ly 
yielding. This hole. shoti-ld ·be recluc·e·d in s:Lze if .. at .all 1iossi:b1e. 
Another .place wher·e ·imptov·ernet1t is. ne~ded is t:o try· and' have 
better b·alan..ce of we•l.d betwe.en· the. <!en·t:er si:11 and the t.:op and: .bott.om 
plates. As .the ·bol.ster i.$ npw, th·ere is ·ap,pr'o.xima.'tely ·ten: :time.s as 
much weld between the: cente.r si}l and top plate as the·r.e is :between 
tl;le ce.nter :s·i.11 and bo.tt·orn pl~te·. Thfs un.ever1 _dist.r.ibution of w.e:·id 
causes almos.t all o .. f th·e hori.z,o.n.tal load appl·i.ed to the. bc).ls·:ter .to 
-~·,_:;.: .. , 
flow through th:e :top :plate a.nd then, be :r-.eoistr:ibµt:e;d throughout th:e 
· other plates. Furthermore, it ·was this -weld unb·a_lan·c:e ·which· ca1.1f,.,ed· 
the rotation of the bolster obse.rved in Test 5. 
•• :.,, 
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.,·-\.,. ;z .5 •! :SUMMARY· AND: CIONCLus·rON-S .. ' '. .,· . ·. . .... ' . . . .- .- . . .. . ''-" ... 
States s·te.el Company at1d· to c·q~p.a·;re .tl1e ·b·el1.a.vio:r ·of th:~ p·r .. ototype': 
·· ... 
on. :ea-c:h ·b.olst:er. 
. ; ___ ... - . . -·· .. · .. 
. for: .. ·d·.e_sfgn imp:roveineri,.t. . .. : 
:.1.... ]?or t~ irt.gle pl.a·ne v~:r-t::fc-al lo~td.·i-ng and ··upon 
-A •. A. ;.R·. :reeonnnende:d. sta.t.ic tes t:s·~ 
:2.. Tb:e·· w.el:ded bol-s:ter .f:ailed :to ·:r.ea.ch th~· ·m.a~:tmum 
.. 
, 
A.-A •. R. for s:t·atic Tes:t _3:. 
. . •,. ~ 
.3. '.Net·th,e··r th·e ·we:·lq.etl =o:r· c·a.s·t ·bo 1 s ter deve.lop_e.a: 
, 
fatigue testing, the·y· were subjected to. 
' 
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The ·welded bols·'ter tvas st'i.f:f·(J.r :than t.J1e cas-:t: 
·-~ ... 
bolster in both hor;tzon:tal an·d. verti·c·al. p,l.a:nes .. under 
a state of combined hori~:ont;i'l. ap.d vertical load. 
!he welded bolster also.· e.xhibfted better deflect·ion 
.·: : .... -. . . . . 
and res iq.ual deflec .. ttort .. cltar,ac-:.te·ris tics for the. c.Y·~·li·c 
loading proc.ess .of the ·c·QJJ.1.b.i-ne:d loa.d;ing t.e·~·ts:.~ 
...... ' 
.e.: 
!he concl:1.rs,ions. :r~~~l:red: :from: t-he, analy:s:i:s· ·w.j. i l 'be ·pr:e~~reii:ted. 
·in the form of .sµg:ge:.st.lo.tts ft>..t· de.~'igri .imp_rqv·eme:rtt 'whi.ch: c:=ir.e 
"' 
:~.ols·t.e:r· wh.ich: ·wbu:fd :al:low :the hot:t:o.m :pla.te ():.£ the: bolsite:6 
lar.g.~.r- pqJ:a.J.lel .. p·late:s o·t us:;~ q. t.r·a.nsver.se weld .. a.lon~ .. th_e 
:v.· f:thq;ped side :bearing~ mem:·b··~.r ·betw,een the tr ·a.11d' t11.~. '.bq'tt.om. 
/;> 
would accornpilii..sh tl.ris goa 1. 
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It is obvious that al 1 ~of th.e de-.f:i:cienc±e:s of ·the weld.e.d 
holster can be· corrected by th~ :·exp·e:~i,enc~ gained from this investi-
gation. . The co·~:t o:f .t·he Gha.;n:ges sug_gested· mtist b·e determin.~d.: by 
·others. It ·ts: pos-s_ible· ·that_ -c~i' satisfactor.y bolster can be. :produced-
. . 
:by ·in·c.o·rpotat'i-rtg s.ome: but ·no·t a·11 of the changes s.ugge.s:ted. I£ ·this. 
must be ·do.ne for :te_a.sotrs of eccinomy :further tes-tlrtg_ -may be.: nec.eS:-sitry •: 
... 
t;o· -th:e: cas·t :bol.st:er ·:in every way·. Particu-iarly- th:~ .~µp·ei;.ior per-
fo:rmance o·f·: the we:lded bcilstet un:de.r·· combined lcYad-ing .is an im-
.. 
_portant ~incep.tiv·-~ :to fl1.::rt_h~r -c.l~v·e19pm~nt :wo.rk~ 
··• 
/.' 
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. TABLE 1 
,CHEMICAt. AND TENSILE PROPERTIES. OF Pt.ATE MATERIAL IN WELDEN .BOLSTER 
Static 
Plate y·ield Yield Ultimate 
.Stress Stress Stress 
(psi) (psi) (psi) 
Top 59,000 52,500 .82,:950 
·5/8" Thick 
·Bottom 
3/4" Thick 
38·,900 32,:300 ·61,600 
Side 46,.800 
* 
'70,600 
7/ 1'6'' Thick 
* Not recorded .. 
-
Si Mn p s C V 
(%) (%) (%) (%) (%) (%) 
0.276 1.17 0.009 0.036 0.251 0.015 
. 
o .• 005 o. 5:7 o .·o 14 o·:.·0:2 7 o. 3d5. o. oos 
0 .• 005 0 .. :95 0.0:11 0.033 ~262 0.003 
I 
I 
Columbium 
(%) 
No 
Trace 
No 
Trace 
No 
Trace 
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